Over the past decade, the reported incidence of autism spectrum disorders has continued to increase. Coincident with this, the number of referrals to clinical geneticists to identify the etiology has also dramatically increased. The reported diagnostic yield for autism spectrum disorders is commonly reported in the range of 6 -15%. However, continued advances in genetic technology expand the diagnostic options available for these evaluations and presumably increase the diagnostic yield. The list of genetic and metabolic conditions that have been reported with an autism phenotype is quite extensive. In deciding on an evaluation plan, the clinical geneticist has the difficult task of balancing an ever-expanding list of available tests and possible diagnoses with the issues of cost, practicality, and expected yield. In this article, we discuss a strategy of a tiered evaluation of the etiology of autism.
Autism was first described in 1943 by Leo Kanner. 1 It is a developmental disorder of brain function with origins in prenatal life. The major features of autism are impairment of reciprocal social interactions, impairment of verbal and nonverbal communications, restricted educational activities, abnormal interests, and stereotypic behaviors. 2 Infants with autism are often described as colicky or fussy babies. However, they typically come to medical attention as toddlers when differences in communication become apparent. Approximately 25% of children who fit the diagnostic criteria for autistic disorder at 2 or 3 years of age later begin to talk and communicate. By 6 or 7 years they may transition into the regular school population. For this group, social impairments usually continue. The remaining 75% have improvement with age but continue to require significant support from the parents and the school. 3 Autism spectrum disorder (ASD) is an umbrella term that encompasses several conditions that share in common primary abnormalities of socialization and communication. There are five ASDs described under the diagnostic category of pervasive developmental disorders (PDD) that appear in the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) of the American Psychiatric Association. 2 The five conditions are as follows: (1) autistic disorder-sometimes called "classic" autism -is the most commonly identified type of ASD, (2) Asperger syndrome, (3) pervasive developmental disorder-not otherwise specified (PDD-NOS), (4) childhood disintegrative disorder, and (5) Rett syndrome.
The diagnosis of ASDs is still a clinical one. It is based on behavioral history and behavioral assessments that document persistent deficits in reciprocal social behavior, communication, and restricted interests or repetitive behavior. ASDs should be diagnosed by trained professionals using objective criteria. In recent years, the use of internationally available and validated diagnostic tools has led to greater consistency in diagnoses. 4, 5 The reported prevalence of autism has increased over the past 10 years with estimates for autism now being on the order of 10 -60 per 10,000 individuals, if all forms of ASD are considered. 6 In fact, the Center for Disease Control and Prevention has recently estimated the prevalence of ASDs in the United States as approximately 5.6 per 1000 children. 7 The rise in the reported prevalence of ASD may in part be due to better knowledge of the disease variability, broader diagnosis with improved public, and a higher degree of professional awareness of the disorder.
Epidemiologic data support the presumption that autism is primarily a genetic disorder. The calculated heritability of autism is around 90%. 8 -11 ASDs occur four times as often in men as in women, with an even higher ratio in the milder forms. Concordance in twins is high. There is a 70% concordance in monozygotic twins; 90% if a broader definition of ASD is used. ASDs show a significant familial recurrence rate much higher than expected given the general population occurrence. The generally reported recurrence risk is 4% if the first affected child is female and 7% if first child is male. In reality, the occurrence of second affected child is around 2-3% presumably due to a reduced number of families having a subsequent child after having a child with autism. The recurrence risk increases even more with a second affected child up to 50%. [12] [13] [14] [15] [16] Thus the familial pattern in autism seems very consistent with multifactorial inheritance.
The diagnosis of ASD is a wide encompassing disorder that does not imply etiology. Appropriate management of all persons diagnosed with an ASD includes a comprehensive genetics evaluation. The genetics evaluation attempts to define the etiology by a careful diagnostic evaluation. Families should be informed before undertaking such an evaluation, the potential yield, and the benefits of this process.
The generally reported range for identifying a diagnosis in persons with autism is 6 -15%. Recent reports of the yield of a genetics diagnostic evaluation for autism range from 10% 17 to 40%. 18 Abdul-Rahman and Hudgins 19 reviewed the evaluation of 101 patients referred with the diagnoses of PDD-NOS, atypical autism, Asperger syndrome, or autistic features, which did not necessarily meet the DSM-IV criteria for PDD. The yield (8.3%) in this "nonclassic" group was similar to that reported in classic autism. The majority of the cases identified in this review were chromosomal abnormalities and MECP2 mutations. Regardless of the study, in general, the diagnostic yield seems to increase with the extent of the evaluation.
RATIONALE/EVIDENCE
As mentioned, the epidemiology of the ASDs clearly suggests multifactorial inheritance. The emerging themes in multifactorial conditions are (1) genetic heterogeneity with multiple major gene effects, (2) physiologically linked processes with multiple genes at work within each process, and (3) typically modest environmental buffering. 12, 14, 16, 20, 21 All of these factors are clearly applicable to autism.
Basic research into the multiple etiologies of autism progresses at a rapid pace. It is the task of the clinical geneticist to assimilate this continually changing information base and decide when sufficient evidence exists to incorporate new information into clinical practice. A key component of this decision-making process is to decide when the reported association of a particular genetic condition is "strong" enough to justify testing for the condition in an autism evaluation. It is the purpose of this article to provide evidences and rationale behind such decisions.
The role of the clinician is to try and identify specific etiologic (unifactorial) conditions and then provide diagnosisspecific counseling. Clearly, the work up must be customized to the individual patient, taking into consideration focused information from the history and physical and clinical experiences. There is no single approach or algorithm that can be applied to all cases. Still, generalizations can be made and templates used as a starting point for structuring these evaluations. In the evaluation of genetically complex conditions, several basic concepts must be followed for a successful outcome. For many practical reasons, a stepwise (tiered) evaluation is the preferred approach-rather than performing a "shotgun" evaluation in which dozens of tests are ordered as a matter of routine. The evaluations should be structured so that tests obtained in higher tiers have a higher expected diagnostic yield, lower invasiveness of testing, better potential of intervention, and easier overall practicality of obtaining the tests. In our experience, this approach has a high level of acceptance with third-party payers and with families. 18 The first, and potentially most important, step in the diagnostic evaluation of ASDs is the pre-evaluation. Several pieces of critical information need to be obtained before beginning any investigation. Obviously, an accurate diagnosis is necessary. Before evaluating the patient for a genetic cause of autism, it should be confirmed that the diagnosis is indeed correct for the patient. The diagnosis should be made by a professional trained in the area of autism diagnoses using strict criteria and appropriate objective tools. 22 All patients diagnosed with autism should have a formal audiogram. Clinical experience and the medical literature consistently identify patients with a hearing loss mistakenly diagnosed as having autism. 18, 23 Problems with hearing would obviously alter socialization and communication. It is imperative that normal hearing be confirmed before settling upon a diagnosis of autism. In addition, the results of cognitive testing should be known and incorporated into the diagnostic work up. It is not surprising that more significant degrees of cognitive impairment are associated with greater impairments of socialization and communication (autistic symptoms). It is important that the autistic-like symptoms of severe cognitive impairments not be confused with a primary disorder of socialization and communication. There is debate as to the role of obtaining an electroencephalogram in the evaluation of autism. Persons with Landau-Kleffner syndrome have an acquired aphasia associated with an epileptiform disorder. There are reports of persons with Landau-Kleffner syndrome carrying the diagnosis of autism with the aphasia being deemed a primary disorder of communication. 24 This is a particularly attractive cause of autism for families because it has a straightforward medical therapy. In general, we would suggest that an electroencephalogram does not need to be performed in all persons with autism, but only in those cases where the clinical history suggests a possible seizure disorder. Finally, information about any prior evaluations should be obtained. A recent policy statement by the American Academy of Pediatrics 25 recommends that the primary care provider for a person with autism could/should initiate the diagnostic work up. This document specifically recommends obtaining a highresolution karyotype and Fragile X studies as the initial step. Clearly, the consulting geneticist should be aware of any such prior testing before constructing a diagnostic plan.
Another important issue in the pre-evaluation component of the work up is deciding which patients warrant an evaluation. There is a long list of genetic syndromes that have been reported with an association with autism/autistic behaviors. 26 For many of these conditions (e.g., Fragile X syndrome, Smith-Lemli-Opitz syndrome) the association is so strong that the primary diagnosis may be confidently assigned as the
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etiology of autism in the patient-and hence further investigation into the cause of autism is not necessary. For others, an association has been reported, but the association is not as strong or is still debated. For these, there does not seem to be sufficient evidence to confidently identify the condition as the cause of autism in the patient and hence a diagnostic evaluation would seem prudent. Table 1 contains a partial list of conditions associated with autism and our recommendations as to when an evaluation seems indicated.
For the remainder of our discussions, we will limit ourselves to thoughts and recommendations for the clinical genetic evaluation of idiopathic (nonsyndromic, uncomplicated) autism. In this regard, the concept of an "expanded phenotype" should be mentioned. Ranges of phenotypes have been described for many specific genes. Typically, a particular locus is associated with a known genetic syndrome. Once a genotype:phenotype relationship has been established, it is not uncommon for other phenotypes to be reported in association with changes in the same gene. Ultimately a broad spectrum of phenotypes may be reported in association with that particular gene. Often, this range encompasses both syndromic and nonsyndromic phenotypes. Rett syndrome is a prime example. Not long after MECP2 was identified as the gene primarily responsible for the Rett syndrome phenotype, other patients were reported with a myriad of other clinical presentations due to MECP2 mutations. With this understanding, MECP2 gene testing is now indicated in the diagnostic work up of nonsyndromic mental retardation, cerebral palsy, and autism. 27 Thus, the diagnostic testing for patients with autism will include testing for specific genetic changes that are not limited in their expression to an autism phenotype.
Conditions identified as possible causes of idiopathic autism 1. Cytogenetic changes are consistently reported as one of the most common identifiable causes of autism. The reported diagnostic yield for prometaphase chromosome studies is around 3-5%. 16,28 -30 There is little debate that a high-resolution karyotype should be performed on all individuals with autism. The literature contains reports of innumerable cytogenetic changes reported in autism. The most commonly reported (recurrent) cytogenetic abnormalities found in persons with autism are deletions involving 7q, 22q13, 2q37, 18q, and Xp and sex chromosome aneuploidies (47,XYY and 45,X/ 46,XY mosaicism). 28,30 -32 Neurocutaneous conditions such as Hypomelanosis of Ito have also been associated with autism. 33, 34 A skin biopsy with a fibroblast karyotype should be considered in patients with pigmentary abnormalities and a normal leukocyte karyotype. Recent evidence suggests that microarray-based comparative genomic hybridization (aCGH) may be a highly effective tool in detecting somatic chromosomal mosaicism. 35 If these early findings are confirmed, such studies could replace fibroblast studies as a less invasive alternative in the future. The advent of fluorescent in situ hybridization (FISH) techniques has tremendously enhanced the diagnostic capabilities of clinical geneticists in almost every part of their clinical scope of practice. Application of FISH technology to the diagnostic work up of autism is a relatively recent-and often debatedaddition. Of course, individual FISH studies would be indicated in the confirmation of a clinically suspected condition (e.g., Smith-Magenis syndrome).
By and large, FISH studies have confirmed and expanded the list of chromosomal "hot spots" in autism (Table 2 ). In general, the subtelomeric FISH panel has not been shown to be a high-yield test in autism. 36 -39 However, it could be argued that such testing is absolutely indicated in patients with an IQ Ͻ50 40 , which would be a common comorbidity in patients with autism. Regardless, the development of aCGH has prob- Table 2 Chromosomal "Hot Spots" for autism spectrum disorders ably rendered this argument void. Depending on the construction of the platform, aCGH can include the probes for the 41 subtelomeric regions, probes for regions highly associated with autism (Table 2) , and probes for selected loci in which the expanded phenotypes are commonly associated with autism. Given a choice, a platform that includes probes for the 15q pericentromeric region, 17p11, 22q11, 22q13, 2q37, and the subtelomeric regions would seem appropriate for an autism evaluation. A recent report by Jacquemont et al. 41 would seem to support this conclusion. In this study, the authors found aCGH detectable abnormalities in 8 of 29 (27.5%) patients with syndromic (complex) autism. We have found similar results in our clinical experience. 42 Although some might opine that it is still too early to universally recommend aCGH in the evaluation of autism, we feel that the potential diagnostic yield, coverage of a host of important loci, and the relatively low cost, warrant having aCGH as a standard part of an autism evaluation. 2. The association of Fragile X syndrome with autism is well documented. The incidence of appropriately diagnosed autism patients with Fragile X syndrome (full mutation) is around 15-20%. [43] [44] [45] Conversely, a fully expanded trinucleotide sequence in the FMR-1 gene has been reported in 3-10% of unselected patients with autism. 44,46 -48 Clearly, sufficient evidence exists to recommend Fragile X testing in an unselected population of patients with autism. 3. As mentioned earlier, mutations in the MECP2 gene have been associated with a nonsyndromic autism phenotype. To date, we are not aware of any reported males with idiopathic autism and MECP2 mutations. However, MECP2 mutations have been reported relatively frequently (3-13%) in females with autism. 19, 49 Thus, MECP2 gene sequencing should be considered in the earlier stages of the evaluation of females with autism. 4. The association between a large head size (both macrocephaly and macroencephaly) and autism has been consistently noted. A head circumference greater than the 50th percentile has been reported in 83% of patients with autism, and 24% of patients have a head circumference over the 98th percentile. 50 -53 The exact basis of this association has not been delineated to date. In addition, recent reports have demonstrated a surprisingly high frequency of PTEN mutations in patients with idiopathic autism. In an unselected cohort, PTEN mutations were found in 2 of 71 (3%) patients. 17 Notably, both patients were macrocephalic. In another study, 54 PTEN mutations were seen in 3 of 18 (17%) patients selected with autism and macrocephaly-defined as a head circumference Ͼ2.5 standard deviations above the mean. Thus, PTEN gene sequencing should be considered in all patients with autism in which the head circumference is Ͼ2.5 standard deviations greater than the mean. 5. It has been reported that essentially 100% of patients with Smith-Lemli-Opitz syndrome have autism. 55 A recent study by Tierney et al. 56 evaluated 100 children with autism and at least one affected relative (with the hopes of increasing the yield for single gene etiologies). No cholesterol metabolite abnormalities were identified, but almost 20% had low total serum cholesterol levels. To our knowledge, no studies to date have been performed in which 7-dehydrocholesterol studies have been performed as part of routine testing in an unselected large cohort of individuals with idiopathic autism. Thus, the diagnostic yield for this test cannot be currently estimated. Although it would be our inclination to perform these studies, given our suspicion that this may account for a significant number of cases, we cannot support this as a standard part of a tiered evaluation without some reservation. 6. A host of single genes have been identified in association with autism. These loci have been identified by a variety of techniques including whole genome searches, linkage studies, and candidate gene analysis. Currently, very few of these genes can be analyzed by clinically available testing. Two such genes bear mentioning. Neuroligin 3 (NGN3) and neuroligin 4 (NGN4) are X-linked genes that have been associated with an autism phenotype. Clinical testing for these two genes is availablemost commonly as a component of an X-linked mental retardation gene panel. 57 Again, routine testing for changes in these genes has not been reported in cohorts of patients with autism. Although testing is available clinically, we would suggest using these tests only for those cases of autism where a clear X-linked pattern of neurobehavioral/neurodevelopmental disorders and cognitive deficits can be ascertained in the patient and his/her family. 7. The association of certain metabolic disorders with autism has been known for some time. Patients with untreated phenylketonuria are consistently reported to have distinct autistic behaviors. 58 With current newborn screening practices in place in the United States, this is hoped to be of historical interest only. The early neurologic features of mucopolysaccharidoses may look strikingly similar to what is seen in the so-called autistic regression syndrome. Although some would strongly advocate routine metabolic testing in patients with autism, there is little evidence that "standard" metabolic testing is a high-yield diagnostic option in patients with autism without independent clinical indicators of a metabolic disorder. With the addition of expanded newborn screening using tandem mass spectroscopy, many such conditions will have been screened for as a newborn. A very low-cost component of the evaluation would be to simply obtain the results of the patient's newborn screening. Recent years have seen the description of a host of newly described metabolic conditions that have been reported in association with an isolated autism phenotype (Table 3) . Testing for these conditions can be quite involved and require the utilization of multiple reference laboratories across continents. As with other conditions noted earlier, these have been mainly reported anecdotally, and have not been assessed as part of a systematic study. As such, routine testing for these disorders cannot be recommended at this time. In the meantime, targeted screening would seem to be a reasonable compromise. Screening would entail random serum and urine uric acid levels. If these are elevated, obtain a hypoxanthine-guanine phosphoribosyl transferase and phosphoribosylpyrophosphate synthetase superactivity testing. Alternatively, if they are low, obtain a purine/pyrimidine panel (uracil excretion plus xanthine and hypoxanthine levels). 8. Teratogenic causes have often been implicated in autism. To date, fetal rubella syndrome seems to be the most convincing. 59 Other teratogens that have been reported with autism, but with less support in the literature include cytomegalovirus, ethanol, thalidomide, and valproic acid. 60 -62 Clearly, an important component of the evaluation includes a careful prenatal history with targeted questioning about potential teratogenic exposures. 9. Probably the greatest debate that exists regarding an autism evaluation concerns the role of neuroimaging. In studies in which neuroimaging is performed as a standard component of an autism evaluation, the yield can be quite significant. 18 Intuitively, it seems reasonable to "examine" the organ that is dysfunctional. It is thus not surprising that imaging the brain in patients with autism would yield positive findings on brain anatomy and organization. Sometimes, the neuroimaging studies will provide a definitive diagnosis, such as tuberous sclerosis with no observable external physical features. 18 Often, these studies will identify subtle markers of cerebral dysgenesis. Although the identification of such markers does not provide complete insight into etiology, we still find knowledge of such anomalies very helpful to clinicians and families. Including brain imaging (with magnetic resonance imaging as the test of choice) as a "third tier" study for all patients with autism seems appropriate to us at this time. Still, we acknowledge that this view is not univer- 
Suggested (model) approach
Incorporating all the above information, we have constructed a model evaluation scheme for the clinical genetic approach to defining an etiologic basis in autism. This scheme is summarized in Table 4 . As emphasized earlier, this scheme may serve as a template, but each evaluation requires the geneticist to use his/her judgment and experience in refining the plan. The reader is referred to the first part of this section for a detailed discussion of the "pre-evaluation" component of the work up.
Once the pre-evaluation process is complete, the first tier of the process can begin. At the time of the initial consultation, the geneticist should obtain a detailed history and perform a dysmorphology examination. The major components of this are similar to the approach to other genetic conditions. Table 5 provides a list of important information to include when obtaining the history, and Table 6 lists important clues on the examination. Given earlier discussion on the importance of pigmentary changes, the examination should always include a Woods lamp screening component. Prometaphase chromosomes and Fragile X testing should be accomplished if not already performed before the referral. "Standard" metabolic screening and rubella titers should be performed only if clinical indicators are present. The results of the patient's newborn screening should be requested and reviewed.
If the first tier of the evaluation provides a definitive answer, the work up is over and definitive counseling can be provided. If the first tier evaluation does not provide an answer, the work up can then proceed to the second tier. In this next level, a fibroblast karyotype can be obtained if the leukocyte karyotype was normal and if significant pigmentary changes are seen on the initial examination. Additional laboratory testing would include aCGH, MECP2 gene testing (for females only), and PTEN if the head circumference is Ͼ2.5 standard deviations above the mean.
In the third tier neuroimaging (preferably magnetic resonance imaging) is performed. The remainder of the evaluation would include chromosome 15 methylation testing and serum/urine uric acid levels. As discussed earlier, cholesterol/7- Table 3 Metabolic conditions reported in association with an isolated autism phenotype dehydro-cholesterol assessment could be included here, although it is hard to be dogmatic about its inclusion. This list is by no means exhaustive. There are many other conditions that have been reported in association with autism and for which there is clinical testing. For most of these, the reported association is typically anecdotal and usually in a few random case reports. For now, these would have to be classified as further potential tests of unknown/unproven value (Table  7) . It is stating the obvious to mention that what is needed is a large multicenter collaborative study to prospectively screen for these (and the tests above) in a prospective manner in an unselected cohort of patients with idiopathic autism.
SUMMARY OF RECOMMENDATIONS
The current literature would suggest that the overall diagnostic yield for a clinical genetic evaluation into the etiology of autism is on the order of 15%. A critical review of the potential contribution of incorporating newer testing techniques suggests that yield can be significantly higher. Using the above information collectively, the following yields could conservatively be projected as
Thus the overall diagnostic yield using standard, clinically available testing in conjunction with an astute clinical assessment is on the order of 40%. This is in keeping with a recent (albeit somewhat small) retrospective study. 18 
Table 4
Template for the clinical genetic diagnostic evaluation of autism spectrum disorders Pre-evaluation
• Confirmation of diagnosis of autism by trained professional using objective criteria and tools
• Sensory screening (complete audiogram)
• 
Benefits
Establishing a diagnosis and identifying the underlying etiology of ASD helps families with parental anxiety, prognosis, care models, and abilities to recognize comorbid conditions, and provides a recurrence risk to families. 23 There is clear benefit for most families simply in the answer to the question of why a child has these problems. A correct etiologic diagnosis provides the family and the care providers with direction for appropriate case management and an awareness of associated medical conditions. The child with tuberous sclerosis, for example, will require a significantly different medical follow-up regimen when compared with the child with a chromosomal aneuploidy.
As advances in genetic technology become clinically available, the geneticist has the opportunity to move from empiric recurrence risk counseling to diagnosis-related counseling. The advantage, of course, is to provide the family with information specific to the etiology for their family rather than providing population-averaged data. Practitioners outside of clinical genetics often question the rationale for an aggressive diagnostic evaluation. Concerns cited include cost, difficulty with third-party payers, and the general lack of therapeutic implications in achieving an etiologic answer. While the logic for an evaluation should seem intuitive to a clinical geneticist, the rationale for proceeding with diagnostic testing may need to be reviewed with the family and with referral sources. It is our contention that all patients with autism be offered a thorough diagnostic evaluation.
Limitations
Despite all the potential benefits for the patient (family) as noted above, there are several practical limitations to proceeding with a diagnostic evaluation for patients with autism. In general, these issues are not specific to autism, and are well known to practicing geneticists.
As with any patient care activity, informed consent is critical. The patient (family) should be given detailed information about the proposed diagnostic approach, the expected cost, and the diagnostic yield. In addition, they should be informed at the beginning as to what type of information a diagnosis would or would not provide them. Referral sources should also receive comparable information.
Expense can be a significantly limiting factor. The overall estimated cost of the evaluation proposed in this article could easily approach $8000. Clearly, questions about the "cost effectiveness" of this type of evaluation have been raised and are likely to continue. In addition, many third-party payers have specific exclusion clauses for autism. Although clinical geneticists recognize this as being no different from the evaluation of a child with mental retardation or cerebral palsy, third-party payers may not. The aura of autism being a "mental disorder" has persisted in many organizations. The understanding of autism as a true neurogenetic disorder has not permeated most levels of health care.
A practical limitation of the tiered evaluation approach is the time involved in completing all levels of testing. This requires a great deal of patience on the family's part. If the time for preauthorization of procedures is factored in, the time from the generation of the referral to the completion of a third Table 6 Important clues on physical examination Table 7 Additional genetic tests/conditions reported in association with an autism phenotype: unknown/unclear utility
• FMR1 gene sequencing
• Testing for (non-FMR1) folate sensitive fragile sites tier of testing may take 6 months or longer. It is important that this be discussed with the family at the beginning of the process. Finally, the psychosocial impact of a genetic diagnosis can never be underestimated. The clinical geneticist in cooperation with his/her genetic counselor colleague needs to be prepared to support the family throughout the entire process, which by design will be costly in time, expense, resources, and psychosocial stressors. 
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